We present isotopic analysis of helium in hydrothermal fluids from the Manus back-arc basin, collected during the French-Japanese Manusflux and Manaute cruises in 1995 and 2000, respectively. The helium isotope composition of the fluids is comparable to that measured elsewhere in similar subduction environments, with 3He/4He values (7.4 to 7.9 Ra) slightly lower than typical MORB values, except on the Manus Spreading Center (MSC) where higher values (12±0.1 Ra) are observed. The causal link between the narrow spatial extent of the 3He/4He anomaly at the MSC and a 3He-rich deep mantle component remains elusive, based on available geophysical data. Thus, the Manus Spreading Center results may be an interesting example of small scale upper-mantle heterogeneity.
INTRODUCTION
The Manus Basin is located in the Eastern Bismark sea (Fig. 1) . It is one of the intra-arc, or back-arc basins, aligned along the boundary between the Australian and Pacific plates. Regional tectonics show it is bounded to the north by the inactive Manus Subduction Zone and to the south by the tectonically active New Britain arctrench system (Fig. 1) . Spreading (or stretching) occurs on three ridge segments offset by transform faults : the Western Spreading Rift (WSR), the Manus Spreading Center (MSC), and the Southeastern Ridges (SER). The supply of volcanic material and hydrothermal activity are not restricted to the spreading axes but are distributed among numerous volcanoes : the hydrothermal sites discovered in the area span a range of thermal regimes from low-temperature shimmering waters to hightemperature fluids, with contrasting chemical compositions ranging from hydrothermal fluids typical of basaltic environments, to sulfate-rich highly acidic fluids (Gamo et al., 1997) .
Here, we report helium isotope results for hydrothermal fluids from the Manus Basin, collected by the Shinkai 6500 and Nautile submersibles during the 1995 Manusflux and 2000 Manaute cruises. Both cruises were part of the Japanese-French New Starmer project aimed at exploring the Manus Basin ridge segments (Auzende et al., 2000) . Helium isotopes provide a means for tracing the signature of the Earth's major reservoirs. 4 He is the product of U and Th radioactive decay whereas 3 He is essentially primordial in origin. Volatiles derived from mid-ocean ridges display rather uniform 3 He/ 4 He values equal to 8±1 R a (where R a is the ratio in air = 1.38×10 hydrothermal fluids and therefore may provide information on the relative contribution of the mantle, the subducting slab, and the local crust to magmatic processes.
HYDROTHERMAL SITES
Fluids from active hydrothermal sites were collected from several locations along the three ridge system which strikes from east to west across the Manus Basin (Fig. 1) . Some of the study sites were known previously with others were discovered during the New Starmer project.
The South Eastern Rift (SER)
The SER is a complex system of ridges, more akin to an extensional zone than to a typical oceanic spreading center. Hydrothermal activity on the SER was first detected from water column anomalies of methane and 3 He during the 1986 Papatua expedition (Craig et al., 1987) and confirmed later from large CH 4 and Mn anomalies (Gamo et al., 1993) centered over the Desmos caldera. Another active site (Pacmanus field) was identified 20 km west of Desmos by dredging and bottom photography (Binns and Scotts, 1993) . Both sites were visited during the 1995 Manusflux and 2000 Manaute cruises where intense hydrothermal activity was observed. In addition, a third active area (the Susu site) was discovered during the Manaute cruise south east of Desmos (Fig. 1 ).
The Desmos caldera (3°42.0'S, 151°52.3'E) is an off-axis structure located on a transverse fault parallel to the Djaul and Weitin Fracture Zones. It is 1.5 km in diameter and its maximum depth is 2110 m with walls up to 285 m high.
Hydrothermal activity is concentrated along the northwestern rim of the caldera, with white fluids venting through fissures and talus along the caldera wall, at a depth of about 1900 m. The entire area (400 m in diameter) is covered with native sulphur and partially colonized by Vestimentifera worms associated with white bacterial mats, mussels, shrimps and galathean crabs. Shimmering white smokers give rise to a pH anomaly above the vents in the water column, as previously reported by Gamo et al. (1993 (Gamo et al., 1997) . 
The Manus Spreading Center (MSC)
The MSC displays a morphology similar to mid-ocean ridges, with a well developed spreading axis. The Vienna Woods hydrothermal site (3°09.78'S, 150°16.7'E), previously explored by the Russian MIR submersible (Lisitsyn et al., 1993) , lies at water depth of 2500 m in the northeastern part of the ridge, where a drastic change occurs in the ridge morphology from a dome-shape axis to a central 
The Western Spreading Rift (WSR)
The WSR is an active spreading system. It is characterized by two shallow ridges propagating to the southwest and flanked by numerous active volcanos (Auzende et al., 2000) . Both axes display fresh lava with vesicular glassy rocks and pumice. In spite of intense Mn anomalies recorded by in situ analyser mounted on the Nautile, no hydrothermal site was discovered during five dives, except on the Mata Na Kul volcano (2°58'S, 147°08'E). Here, shimmering waters (28-30°C) were observed and sampled at a depth of 1050 m, associated with thick bacterial mats.
METHODS

Sample collection
Water samples were collected in two different ways : on the Manusflux cruise, the fluids were collected using a manifold-pump sampling system (Ishibashi et al., 1994 ) mounted on the Shinkai submersible. On the ship deck, the water was directly transferred through tygon tubing to a 3/8" copper tube equipped with clamps at both ends. In the laboratory, each tube was attached to a high vaccuum extraction line to transfer helium into a small glass bulb for subsequent mass spectrometry analysis.
Unfortunately, this sampling protocol does not ensure a full recovery of the gases since some gas may be lost through the open end of the Cu-tube during the transfer. This is apparent when comparing the 1995 and 2000 results for the Vienna Woods site (see the data evaluation section below).
During the Manaute cruise, vent samples were collected in 750-ml gas-tight titanium syringes . These sampling devices, developed at IFREMER specifically for the french submersibles Cyana and Nautile, have been used routinely since the early 80's for hydrothermal gas studies. On the ship deck, the fluid samples were transferred in a specially designed evacuated degassing tank ensuring 100% gas recovery (Charlou et al., , 2004 . During the transfer procedure, the syringes were kept under water to avoid any helium contamination by air. The degassing tank (Fig. 2 ) is a refinement of the prototype used in previous studies (Jean-Baptiste et al., 1991) . The main improvement consists in the addition of a compression unit which ensures the complete transfer of the dissolved species from the degassing tank to a small stainless steel container through a drying column. The pressure in various parts of the equipment is monitored by miniature digital sensors.
In parallel with the stainless steel container, a gas aliquot (2.5 cm 3 ) is also taken in a small copper tube for the helium isotopes analysis. This tube is closed at one end by a braised stainless steel stopper and can be tightly sealed at the open end with a special clamp.
Analytical procedure
In the laboratory, the samples (either the glass bulbs or the copper tubes) are connected to the inlet system of a VG-3000 mass spectrometer for isotopic analysis.
Analytical details are given in Jean-Baptiste et al. (1992) . In short, the gas samples are introduced in the mass spectrometer through a series of traps (a water trap and a charcoal trap, both in liquid nitrogen, and a Ti-getter to remove hydrogen). Owing to the large amount of helium stored in the copper tubes, the gas is first expanded into a calibrated volume from which small aliquots (0.12 cc) are injected in the inlet system. The 3 He blank of the line is negligible (< 10 -19 mole). 4 He is measured on a Faraday cup. 3 He is detected by ion counting using an electron multiplier. The uncertainty in the individual isotopic ratio is within ±0.05 R a , with a relative error in the total helium concentration < 5% (R a is the atmospheric 3 He/ 4 He ratio).
RESULTS
Data evaluation
The end-member 3 He/ (Gamo et al., 1997) . In this case, the method of back calculating to an endmember fluid where Mg=0 is no longer applicable and the only thing that can be determined is a lower limit to the helium end-member concentration, which equals the concentration in the most enriched sample.
For the 1995 samples, an additional problem arises from the sampling procedure which did not ensure a 100% gas recovery (see above). The Vienna Woods site, which was sampled both in 1995 and in 2000, shows that the 1995 end-member concentration is ∼65% below that determined in 2000. The 3 He/ 4 He value also appears to be affected, with the 1995 value ∼6% below the 2000 value, probably due to isotopic fractionation and preferential loss of the lighter isotope. However, the samples drawn from the same syringes by the Japanese team (Ishibashi et al., 1996) do not show any sign of fractionation, with a 3 He/ 4 He ratio in good agreement with our 2000 value (= 12 Ra). As the Japanese Vienna Woods samples were drawn from the samplers first, we suggest that the gas loss problem is not very important if the samples are taken immediately after the opening of the syringe but becomes more severe after that. The 1995 sampling procedure is thus problematic, therefore the 1995 results must be considered as lower limits. mol/J), which are characteristics of immature hydrothermal systems (Lupton et al., 1999 (Macpherson et al., 1998) and from the Tabar-Lihir-Tanga-Feni islands (Patterson et al., 1997) , located approximately 300 km to the north-east and 150 km to the south of the MSC,
Helium isotopes results
He values overlapping, or below, those of MORB range.
The spatial distribution of the helium isotope anomaly has been discussed by Macpherson et al. (1998) He anomalies and the maximum depth of the plume seismic images (Zhao, 2001; Montelli et al., 2004) . That is, whereas some high 3 He/ 4 He values actually correspond to well-resolved deep plumes, others like the Yellowstone hotspot, correspond to regions where a deep origin can be ruled out (Christiansen et al., 2002 He anomalies and the maximum depth of plume seismic images for a number of well documented "high helium-3" hotspots (Zhao, 2001; Montelli et al., 2004) . In the absence of any convincing geophysical evidence for a deep mantle connection, the limited spatial extent of the 3 He/ 4 He anomaly in the Manus basin may indeed be an argument in favour of the upper-mantle heterogeneity theory (Meibom and Anderson, 2003) . (2000) PACMANUS (1995) PACMANUS ( Table 2 Figure 1 Magnesium (mmol/kg)
